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aAbstract 
In this paper, a new similarity measure between generalized fuzzy numbers is presented. It combines the concepts of 
the center of gravity, the area, the perimeter and the height of generalized fuzzy numbers for calculating the degree of 
similarity between generalized fuzzy numbers. Eighteen sets of generalized fuzzy numbers are used to compare the 
proposed method with the existing similarity measures. The proposed method can overcome the drawbacks of the 
existing similarity measures. The proposed method provides a useful way to handle pattern recognition problems and 
fuzzy risk analysis problems. 
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1. Introduction
The similarity measure of fuzzy numbers is very important in many research fields such as pattern
recognition [1,2] and risk analysis in fuzzy environment [3-5]. Some methods have been presented to 
calculate the degree of similarity between fuzzy numbers [3-7]. In this paper, we present a new method to 
measure the degree of similarity between generalized fuzzy numbers, combine the concept of the center 
of gravity, the area of generalized fuzzy number, the perimeter and the height of the generalized fuzzy 
number. 
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2. A New similarity measure of generalized fuzzy numbers 
In this section, we present a new method to calculate the degree of similarity between generalized 
fuzzy numbers. In this method, the horizontal center-of-gravity, the perimeter, the height and the area of 
the two fuzzy numbers are considered. 
Assume there are two generalized trapezoidal fuzzy numbers °A  and °B , where ° °1 2 3 4( , , , ; )AA a a a a w=
and ° °1 2 3 4( , , , ; )BB b b b b w= , 1 2 3 40 1a a a a≤ ≤ ≤ ≤ ≤  and 1 2 3 40 1b b b b≤ ≤ ≤ ≤ ≤ . Then the degree of 
similarity ° °( , )S A B  between the generalized trapezoidal fuzzy numbers °A  and °B  is calculated as follows: 
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°( )P A  and °( )P B  are the perimeters of two generalized trapezoidal fuzzy numbers which are calculated as 
follows: 
°
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°( )A A  and °( )A B  are the areas of two generalized trapezoidal fuzzy numbers which are calculated as 
follows: 
°
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1
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2 B
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The larger the value of ° °( , )S A B , the more the similarity measure between two generalized trapezoidal 
fuzzy numbers °A  and °B .
3. A comparison of the similarity measures 
In this section, we extend 15 sets of fuzzy numbers presented in Wei & Chen (2009) into 18 sets of 
fuzzy numbers, shown in Fig. 1, and compare the calculation results of the proposed method with the 
results of the existing similarity measures, shown in Table 1. From Fig. 1 and Table 1, we can see the 
drawbacks of the existing similarity measures: 
(1) From Fig. 1, we can see that Set 3 and Set 4 are different sets of fuzzy numbers. However, from 
Table 1, we can see that if we apply Chen’s method (Chen, 1996) and Lee’s method (Lee, 2002), Set 
3 and Set 4 get the same degree of similarity, respectively. 
(2) From Set 5 of Fig. 1, we can see that °A  and °B  are different generalized fuzzy numbers. However, 
from Table 1, we can see that if we apply Chen’s method (Chen, 1996) and Lee’s method (Lee, 
2002), then their result is a degree of similarity equal to 1, respectively, which is an incorrect result. 
(3) From Set 6 of Fig. 1 and Table 1, we can see that if we apply Lee’s method (Lee, 2002), we cannot 
2775Jiang Wen et al. / Procedia Engineering 15 (2011) 2773 – 2777 Ji  en，et al / Procedia Engineering 00 (2011) 000 000 3
calculate the degree of similarity between two identical real values due to the fact that the 
denominator will become zero, such that ° °( , )S A B = ∞ , which is an incorrect result.  
(4) From Set 7 of Fig. 1 and Table 1, we can see that if we apply Lee’s method (Lee, 2002), we can see 
that Lee’s method cannot correctly calculate the degree of similarity between two identical real 
values due to the fact that the degree of similarity of the real values become zero, which is an 
incorrect result. 
(5) From Set 8 and Set 9 of Fig. 1, we can see that they are two different sets of fuzzy numbers. However, 
from Table 1, we can see that if we apply Chen’s method (Chen, 1996), they get the same degree of 
similarity, respectively. 
(6) From Set 10, set 11 and Set 12 of Fig. 1, we can see that they are different sets of generalized fuzzy 
numbers. However, from Table 1, we can see that if we apply Chen’s method (Chen, 1996), they get 
the same degree of similarity, respectively, which does not coincide with the intuition of the human 
being. 
(7) From Set 7, Set 9 and Set 13 of Fig. 1, we can see that °A  and °B  have the same shape and the offset 
0.1d =  in the X-axis, respectively. By applying the proposed method, we can see that the proposed 
method has the good property that the degree of similarity between °A  and °B  is equal 
to 1 1 0.1 0.9d− = − = . However, from Table 1, we can see that if we apply Chen-and-Chen’s 
method (Chen & Chen, 2003), the degree of similarity is equal to 0.81, which is an incorrect result. 
(8) From Set 14 of Fig. 1, using Chen’s Method (Chen, 1996) and Lee’s Method (Lee, 2002), the result 
is a degree of similarity equal to 1, respectively, which is an incorrect result. 
(9) From Set 14 and Set 15 of Fig. 1, we can see that Set 14 is more similar than Set 15 by the intuition 
of the human being. However, from Table 1, we can see that if we apply Chen-and-Chen’s method 
(Chen & Chen, 2003), then we can see that it gets an incorrect result. 
(10)From Fig. 1, we can see that Set 10 and Set 16 are different sets of generalized fuzzy numbers and set 
10 is more similar than set 16 by the intuition of human being. However, from Table 1, we can see 
that if we apply the methods presented by Chen (1996), Lee (2002) and Hejazi et al. (2011), Set 10 
and Set 16 get the same degree of similarity, respectively, and if we apply the method presented by 
Wei & Chen (2009), the result shows that set 16 is more similar than set 10 which is incorrect. 
Table 1. Results of comparisons between existing and the proposed method. 
sets Chen’s method 
(1996) 
Lee’s method 
(2002) 
Chen-and-Chen’s
method (2003) 
Wei and Chen’s 
method (2009) 
Hejazi et al. ’s 
method (2011) 
The proposed 
method 
Set 1 0.975 0.9617 0.8357 0.95 0.9004 0.9473 
Set 2 1 1 1 1 1 1 
Set 3 0.7 0.5 0.42 0.682 0.6465 0.6631 
Set 4 0.7 0.5 0.49 0.7 0.7 0.7 
Set 5 1 1 0.8 0.8248 0.6681 0.6659 
Set 6 1 * 1 1 1 1 
Set 7 0.9 0 0.81 0.9 0.9 0.9 
Set 8 0.9 0.5 0.54 0.8411 0.37 0.3896 
Set 9 0.9 0.6667 0.81 0.9 0.9 0.9 
Set 10 0.9 0.8333 0.9 0.7833 0.6261 0.7731 
Set 11 0.9 0.75 0.72 0.8003 0.6448 0.7938 
Set 12 0.9 0.8 0.8325 0.8289 0.7361 0.7478 
Set 13 0.9 0.75 0.81 0.9 0.9 0.9 
Set 14 1 1 0.7 0.7209 0.5113 0.5104 
Set 15 0.95 0.75 0.9048 0.6215 0.383 0.4242 
Set 16 0.9 0.8333 0.7425 0.814 0.6261 0.7321 
Set 17 0.9 0.75 0.8911 0.838 0.6448 0.7432 
Set 18 0.9 0.75 0.6976 0.8003 0.6448 0.7144 
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(11)From Fig. 1, we can see that Set 11 and Set 17 are different sets of generalized fuzzy numbers and set 
11 is more similar than set 17 by the intuition of human being. However, from Table 1, we can see 
that if we apply the methods presented by Chen (1996), Lee (2002) and Hejazi et al. (2011), Set 11 
and Set 17 get the same degree of similarity, respectively, and if we apply the method presented by 
Chen & Chen (2003) and Wei & Chen (2009), the result shows that set 17 is more similar than set 11 
which is incorrect. 
(12)From Fig. 1, we can see that Set 11 and Set 18 are different sets of generalized fuzzy numbers. 
However, from Table 1, we can see that if we apply the methods presented by Chen (1996), Lee 
(2002), Hejazi et al. (2011) and Wei & Chen (2009), Set 11 and Set 18 get the same degree of 
similarity, respectively. 
In summary, from Fig. 1 and Table 1, we can see that the proposed method can overcome the 
drawbacks of existing similarity measures. 
6. Conclusions 
    In this paper, we have presented a new similarity measure between generalized fuzzy numbers. 
We have proven some properties of the proposed similarity measure. We used 18 sets of generalized 
fuzzy numbers to compare the calculation results of the proposed method with the existing similarity 
measures. The proposed similarity measure can overcome the drawbacks of the existing similarity 
measures. The proposed method provides a useful way to handle pattern recognition problems and 
fuzzy risk analysis problems. 
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Fig. 1.  Eighteen sets of generalized fuzzy numbers
